Thrombophlebitis: its clinical types as contributary factors of pulmonary embolism by Suchecki, Mary J.
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1944
Thrombophlebitis: its clinical types
as contributary factors of
pulmonary embolism
https://hdl.handle.net/2144/26069
Boston University
T H R 0 M B 0 P H L E B I T I S 
Its Clinical Types 
As Contributary Factors of 
Pulmonary Embolism 
v Mary J. Suchecki 
July 15, 1944 
OU'rLINE 
l . I ntroduc t ion . 
2 . Definition of thrombophleb i t i s . · 
3 . Definition and nature of a thrombus . 
4 . History . 
5 . Etiolog y . 
6 . Clinical types of thrombophlebitis . 
A. Local: This is attributabl e to known , direct, chemi c al , 
mechanical, and suppurat ive processes, or t o 
diseased veins such as v a rices . In thi s g roup 
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b . mechanical 
c . suppurative 
d . v a ricose v eins 
B. Hematogenic : Thrombophl ebitis occuring spontaneously in 
blood dyscrasias as- -polycythemia vera, pernici- 1 
ous anemia, leukemia , hypochromic anemia, a g ranu 
locytosis, secondary anemia after blood tra ns-
fusion . 
c. Secondary ( Complicating ) 
a . postoperative 
b . postpartum 
c . complicating infectious diseases 
d . compliceting non-infectious systemic diseases 
D. Primary: Here thrombophlebitis devel ops in the absence 
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ha s n0t been perf ormed, where delivery has not 
occurred , and wh ere there has been no evidence 
of infection , blood dyscrasia , or systemic dis-
eA s e . 
a . recurreBt idibpathic thrombophlebiti s 
b . idiopathic thrombophlebiti s of the nonrecurring typ 
c. thrombo - angiitis obliterans 
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-INTRODUCTION 
Thrombophlebitis is a common occurrence complicating both 
medical and surgi cal cases . A disabling disease requiring mu ch 
time and pati ence to eradicate once it occurs, it s great e st 
clinical importance lie s in ~he fact that it is a po tential 
source of pulmonary emboli. Sudden death fr om pulmonary embo-
lism following an uneventful rec Jver:r fr'JD an operation, an in-
jury, or an obstetric delivery is a tragedy that is not soon 
forgo tten. More frequent, less spectacular , but nonetheless 
disturbing , is pulm onary infarction from a sublethal embolus. 
Pulmonary embolism is common enough to keep the physician 
I 
worried , uncommon enough to g ive him a Jalse sense of secu rity, 
and erratic enough in it s incidence to bolster his fa ith in any 
method of preventive treatment . 
Prevention lies in the invest i gat i on of p redisposing causes 
types of patients , types of diseases and types of operations 
which are especially prone to be followe d by pu lmonary embolism . 
Only by thoroughly understand " ng the underlying fact ors respon-
sible, can a log ical approach be made to their elimination. 
With the excention o f emboli of cardiac origin , the great -
est majority ( about 95%) of nulmona ry emboli are due to thrombi 
orig inating in the deep veins of the lower extremities .(47) In 
r eviewi n g the literature, I shall stre s s mostly such thrombi md 
their predisposing causes. It wou l d be of interest , also ~ t o 
show statistically just how frequently thr~mbi are a cause of 
·-
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death and how much we need really fear it. 
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DEFINITION 
Thrombophlebitis may be defined as an association of throm-
bosis with an inflammatory change in a vein wall . This covers 
adequately such types of thrombophlebitis as result from trauma 
or infection, but it poorly describes thrombophlebitis due to 
spontaneous venous thrombosis which occurs post operatively and 
in medical patients .at re st in bed . In the latter type any in-
flammati 0n in the wall of the vein or in the thrombus is a 
secondary manifestation and not a primary cause . Theoretically 
such thrombi as occur without pri mary inflammation should be 
referred to as "phlebothrombosis ", a term popularized by 
Ochsner .(lO~ It is this type which is particularly dangerous 
because of the relatively few symptomo and the absence of an 
infl ammatory reaction which tends to fix the thrombus to the 
vessel wall . The likelihood , therefore , of detachment of the 
clot and production of fatal Pulmonary embolus is particularly 
grea t. 
Through usage, however, thrombophlebitis has become a loose 
term and the majority of uhys icians use the term--thrombophlebi-
tis--to designate any thrombus in a v e in, whether primarily in-
flammatory or not . It will be so used in this paper . 
I 
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DEFINI ~ION AND NA~URE OF THROMBUS 
As early as 1885 , thrombosis was defined by Ziegler as 
'' intravascular clotting arising during lifetime . " More recent 
research, however, has shown that this definition is not suf-
ficiently comprehensive . The formation of a thrombus is not the 
same mechanism as clotting in which formation of fibrin is the 
principal reaction, but rather a deposition of blood platelets, 
(thrombocytes) , on the wall of a vein . The aggregation of blood 
platelets is a physico-chemical process, dependent on the condi-
ti ons of the plasma . These thrombocytes, having become plaster-
ed together and fixed, build out into the stream a sponge-like 
structure to which the white corpuscles adhere and in whose 
narrow interstices clotting then occurs . 
In the normal circulating blood, the axial stream consists 
of the corpuscula r elements , whereas the marginal stream is 
. 
chiefly plasma with an occassional leukocyte . The slower the 
circulation becomes, the narrower the axial stream becomes, with 
the leukocytes and later the platelets assuming a marginal posi-
Zahn ~4~ observed the deposition of white blood cells 
along an injured surfoce and differentiated between red and 
white thrombi, that is, between coagulation of blood as it occur~ 
in extravasat ?d or completely stagnant blood, and agglutination, 
which ~s the primary process in intravascular thrombosis . 
The oldest portion or head of Zahn's classic thrombus is 
4 . 
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white and tough, since it consists mostly of platelets. The 
neck or mixed portion, containing an increasing amount of fibrin 
and red cells, is dark red and solid . The tail, which is with-
out platelet lamellae, is c l ot -like and unsubstantial. 
It was shown by Hunter about a century ago that complete 
st2 g;nation of circulation by an aseptic and atraumatic isola-
tion of a column of blood between two ligatures does not lead 
to thrombosis. Vaquez, Baumgarten , and others have confirmed 
this experiment many times . The results of the s e experiments 
has been used as an argument a.<:Tainst stasis being an importent 
factor in thrombosis . This argument comes from the failure 
to differentiate between thrombosis and coagul a tion. Coagula-
tion as it occurs postmortem or when blood is shed, is a func-
tion of stagnant blood and depends upon the liberation of fer-
ments fr om cellular elements which activate thrombin in the 
plasma . Thrombosis, however, is a phenomenon of blood which is . 
flowing, although at a reduced rate, and consists of agglutina-
tion of platelets along the vessel wall to f orm a homogenous 
layer. Superimposed on this mass i s a settling of white blood 
corpuscles . This gradual building-up of a white thrombus can 
occur only while blood is still flowing. Fibrin formation plays 
no part in this picture except as a secondary process when, as 
a result of the liberation offerments from the agglutinated 
platelets and leucocytes, coagulation occurs at the periphery 
of the thrombus • 
A non-comittal definition then, such as the following is 
s. 
--
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• desirable: A thrombus is a s olid a ggr egation f orme d i n slowly 
circulating blood by cha n g e s in the blood it s elf. 
.. 
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HISTORY 
Since the time of Virchow (1856 ) it has been recognized 
that l arge, organized thrombi may f orm in the femoral vein or 
its tr i butarie s , and occasionally also in the pelvic veins. 
Sudden death may follow if a large portion of this thrombus be-
c omes disloged and is carried to and stuffed into the pulmonary 
artery and its branches. It is he who is often quoted as the 
fir s t to consider retarded circulation as an important cause of 
thrombosis . 
Welch (13~ in 1899 in a very c omprehensive review of throm-
bosis and embolism, stressed the import ance o f enfeebled circu-
lation, but added that some other f a ctor such as increase in the 
platelets or a chang e in the composition of the blood might be 
important. He also discussed what Aschoff later demonstrated--
that fibrin coagulation is not the first stag e in thrombus forma 
tion but platelet agglutination . 
The original theory of Virchow wa s maintained and elaborate 
by Aschoff (2) and his school . And, until recent years , our 
knowledge of femoral vein thrombosis, prevention and treatment, 
has been influenced almost entirely by the s e original concepts. 
Aschoff attributed thrombus formation chiefly to mechanical 
stasis in the femoral vein. The origin of the thrombus was 
thought to be almost always in the femoral vein around the valve 
pockets and usually just above the opening of the deep femoral 
vein, because the head o f the clot was usually found in this 
location . 
7· 
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Aschoff's school called attention to the poss ible effect 
of compression of the femoral vein by a taut Pd-upart's ligament~ 
This was said to occur when the pati ent was c onfined to bed in 
the prone position . They further believed that the compression 
of the left common iliac vein by the ove rriding right common 
iliac artery or the middle sacral artery produced stasis in the 
femoral vein . Numerous other factors wer3 cited which mi ght 
slow the circulation in the femoral vein, such as obstruction 
due to pressure by a neoplasm and sluggish circulation in con-
gestive heart failure, and hypothyroidism. 
Aschoff made much of the fact that whirlpools and eddies 
which can occur only in flowing blood are one important factor 
in platelet agglutination. Owing to the sluggish blood stream, 
and in some instances to compression of the veins, retrograde 
wh irlpools and eddies occur in the peripheral edges of the venou 
blood stream . . Blood platelets collect here and adhere to the 
~ntima in heaps or transverse ridges . Leukocytes cling to this 
platelet formation and become agglutinated . A thromboplastic 
substance is produced and fibrin is formed betw e en the laminae 
-
of nlatelets and leukocytes. As a re sult a white thrombus forms 
which ~radually obstructs the lumen of the vein. Aschoff called 
this white thrombus, _ which was usually f ound in the femoral vein 
above the opening of the deep femoral vein, the "caput" or "head . 
of the thrombus, since he considered this to be the origin of 
the entire thrombus . He believed that the red coagulation 
thrombus was formed afterwards in the blood which was dammed up 
8 . 
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The thrombus itself was divided into three recognizable 
portions--canut or head, a neck and a tail. It is most importan 
that the natho l ogis t be able to recognize the gross appearance 
of the caput since this is the first portion to break off in 
pulmonary embolism and i s found in the pulmonary artery and its 
branches. Other parts of the clot are not so characteristic 
and c an easily be mistaken for post-mortem clots even after 
microscopic examination . The proximal end of the caput is round 
ed and smooth , and its sides show oblique or transverse ridges 
(lines of Zahn) . On section it ha s a trabecul s ted appearance 
and on microscopic examination is composed of transverse and 
anastomosing laminae of platelets with marginal leukocyt e s and 
intervenin~ festoons of fibrin . 
The neck is distal to the caput and is a mixed thrombus 
c omposed of red blood cells and leukocyte s tangled in a meshwork 
of fibrin . The tail is the most distal portion and is a red 
clot which forms the main bulk of the thrombus . 
Coagulation is due to thromboplastic substances set free in 
the caput which diffuse caudally throughout the clot. The tail, 
according to Aschoff , is f ormed in the vein after the standstill 
cau sed by organization of the caput . The tail is practically 
undistin~uishable from post mortem clots and is c omposed of ir-
regularly arranged masses of red cells and leukocytes enmeshed 
in a net work of fibrin . 
This theory, which has been a ccepted for years by most 
pathologists and surgeons, has served a most useful purpose , 
since it has emphasb"ed the importance and frequenc y of the 
g . 
' 
occurrence of bland, aseutic thrombosis of the femoral vein and 
the resultin~ danfers of uulmonary embolism. Aschoff has parti-
culerly laid stress on stasis as the most importantsing le factor 
in the production of thrombosis. Therefore,most of the preven-
tive measures adouted have been directed at the prevention of 
sluf~ish circulation in these veins. 
In the last decade several invest i e- at..o rs have critic ally 
attacked some of the salient features of the Aschoff theory of 
thrombosis. Deneche ( 37) in 1929 and Olow (106) in 1930, found 
that the earliest clinical symptoms of thrombosis often appeared 
in the sole of the foot and the calf of the leg. This suggested 
that the thrombosis began in those locations and was ·propagated 
in an upward direction with the blood stream and not in a retro-
grade direction from the femoral vein. 
FUrthermore, Homans (70) in 1934 emphasized the importance 
of the veins of the calf as an important site of orig in of 
thrombosis which g ave rise to ascending thrombo s is. This was 
followed by the extensive petholof.!iC investig ations of Roessle 
~21) in 1937 and Neumann (lCl ) in 1938. These authorities also 
claimed that the plantor veins of the calf played the dominant 
role in thrombos is and were the site of the primary thrombus 
formation. 
Finally Frykholm (53) in 1940 came to the conclusion that 
there are four imuortant locations in which venous thrombi 
might oripinate : 
1. The plantor vein, especially in younger patients . 
10. 
2 . The veins of the musculature of the calf . 
3 · The branches of the deep femoral vein in the adduc~ 
tor musculature of the thigh . 
4 . The visceral pelv ic veins. 
Frykholm was of the opinion that when a patient is c onfined to 
bed, the veins in these locations are more or less collapsed. 
This allows the walls to touch in nlaces . Owing to nutriti onal 
disturbance s from close contact and the trauma of c ontact , 
desquamat ion and death of intimal cell s may occur and as a 
result a small thrombus forms over the injured area . The throm-
bosis once started propagates upward in the direction of the 
venous blood distending the collapsed vein which again reg ains 
its circula r contour . As the thrombus propagates upwards it 
finally protrudes throurrh the openin~ of the deep femoral into 
the upper part of the femoral vein. A white thrombus f o rms at 
this point, caused by the platelet s and leukocytes sticking to 
the walls of the vein . Organization with surface corrugations 
produced by whorl - li '~ e eddies takes place . A dilution of the 
thrombo-plastic substances which have caused the co agulation 
of the clot below, along with the r apid washing by the blood 
stream at this l ocation, prevents formation of a red clot . 
Such observations strongly suggest that the theory "throm-
bus head" of Aschoff c an no long er be regarded as the primary 
part of the thrombus; it is, rather, the last part f ormed . 
11. 
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ETIOLOGY 
An embolism is usually a sequel of thrombosis, and any dis-
cussion of the etiology of pulmonary embolism must be primarily 
a considerati on of venous thrombosis. It is difficult in a 
study of the causes of thrombosis to decide what are etiologic 
and what are contributirgfactors. So much has been written on 
the etiology that, at present, the subject is quite confusing. 
This multiplicity of hypotheses to explain the occurrence of 
thrombophlebitis, is an indication that the causes are poorly 
understood. 
In surveying the literature one gradually realizes that 
a single factor in itself is not enough, and a thrombus forms on y 
when two or more conditions favorable for its formation, exist 
simultaneously. The following summary includes those conditions 
which have received most consideration: 
I. Retarded circulation 
a. cardiac weakness 
b. shallow respiration 
c. inactivity 
d. position 
e. low blood pressure 
f. increased intra-abdominal pressure 
II. Injury to the vessel wall 
III. Blood changes affecting the: 
a. platelets 
b. clotting mechanism 
c. chemistry 
IV. Altered metabolism due to: 
a. dehydration 
b. lo q food intake 
c. d~gs 
12. 
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v. Tissue trauma 
VI . Infection 
VII. Obesity 
VIII . Age 
IX. Neoplasm . 
Retarded circulation: 
Slowing of the circulati on i s considered , by most of the 
authorities on the subject , to be the most important factor in 
thrombophlebitis. That it is important, is shown by the relativ~ 
infrequency of thrombosis in the l arge art eries and aorta des-
pite the severe sclerotic changes of their walls . Thrombosis 
of veins, on the other hand , is comparatively common . 
Blumgart and Weiss (20) showed, in their studies on the 
rate of blood flow, that the av erage arm-to- arm circulation- in 
the no rmal male individual averages 18 seconds . In compensated 
cardio-vascular disease this rate is increased to 24 seconds , 
and in decompensated cardiacs, the rate averages 38 seconds . 
They state that in general, the degre e of cardiac decompensa-
tion is closely related to the degree of retardation of the 
blood flow. Henderson (63) found that cardio-vascular disease 
was the predominant illness in one- half of the non- surgical 
cases of embolism in his series . 
Belt (18 ) states that pulmonary embolism which is generally 
regarded as a postoperative complication, is more often a sequel 
of medical rather than surgical cases. He reports pulmonary 
emboli ·in 10% of 367 autopsies from the Department of Pathology 
~--------------------------------------
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of the Toronto Genernl Hospital . Of these 56 cases, in 37 it 
was considered the immediate cfuse of death and of these, only 
11 hed undergone operotive treatment . He also observed that 
tnere was a history of some cardiac impairment in 49 of the 56 
c Bses of embolism . He found no infection in the clots and no 
microscopic changes in the intima of those veins in which 
thrombi developed . He considers ret ardation of blood flow as 
the important factor in intravenous clotting . 
Rosenthal (122) reported 94 cases of thrombosis in 149 
autopsies performed on patient s with cerdiac impairment . Car-
diovasculsr disease was found in 52% of the cases of thrombosis 
and emboli sm in the series reported by Ophul and Dobson (110). 
Barker and his co-workers (16) found that 219 patients out of 
their series of 1665 c ases of thrombo~is and embolism had cardiap 
disease . Burke's ( 24 ) statistics furthe r emph&size the impor-
tcmce of cardiovascular impairment in development of thrombosis. 
ije found that of a total of 64S c ases of intravascular clotting , 
444 suffered with cardiac disease . Of interest also is the fact 
that 21g patients of the 444 escaped thrombi following a pre -
vious operat i on . 
Respirat ion is an important accessory f actor in aiding 
circulation . The negative intrathoracic pressure produced with 
inspiration asp i rates the blood into the l arge veins of the 
thorax. In expiration the l arge veins become distended and 
during inspiration they collapse quickly . Patey (114) pointed 
out that the normal vari ations in intra -abdominal pressure due 
14. 
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to respiration are an important mechanism in aiding the return 
flow of blood . Carlson (26) support s this point of view . 
Lister (85 ) , in a study of postoperative emboli following ope-
rations in which an anterior abdominal incision was used , attri-
butes the emboli to the stasis in the iliac veins and its tribu-
taries which is directly due to impaired abdominal movement in 
respiration . The abdominal incision is painful and the patients 
reflexly splint their abdomen when breathing; this limits the 
diaphragmatic excursion which ' 1 s such an important :(actor in 
helpi ng the return of blood from the lower extremities . Tight 
abdominal bandages apulied after operations contribute to stasis 
in a similar manner . 
Bed rest, of necessity en f orc ed upon sick patients, adds 
to the tendency towards venous stasis . McCartney (91) has 
reported 73 .cases of pulmonary embolism, of which 15 were stric-
tly post- traumati c ; 12 of these had lower extremity fractures . 
and were confined to bed . In bed, the muscles of the legs and 
abdomen are inactive, and the r e is little alteration of the rate 
of blood flow in the pelvic and femoral veins . The reason that 
thrombi pract i cal ly never form i n the axillary v eins, post-
operat i vely , is that the accumul at i on of p l atelets is prevented 
by the frequent alteration in the rate of blood flow produced 
by muscular contractions and e l ev ation of the arms . Thrombosis 
and embolism are relatively common in fracture patients confinec 
to bed in plaster encasements , especially those with fracture 
of the neck of the femur . 0..19) It is rare, .however, in 
15 . 
ambulatory patients with arm, leg or shoulder fractures in 
similar encasements . In each case, the amount of local immobi-
lity and tissue trauma are the same, the only difference being 
the systemic immobility in the former and the systemic mobility 
in the latter . 
, 
Postoperative posture is another factor which predisposes 
to or prevents thrombosis . Vascular retardation has been shown 
to be a prominent precipitating factor in intravascular clotting 
and thus postures which cause slowing of the blood should be 
avoided . Here again conflicting ideas arise. Ochsner ~o4), 
DeBakey (1.03), Zimmerman (145), Homans ( 73), and Wri ght (141), 
are a few of the many authorities who firmly believe that better 
results are obtained in prevention of circulatory retardation by 
elevation and mobi lization of the extremities . 
On the other hand, Frykholm ( 53) and Patey (ll5) oppose this 
view. Frykholm believes that if the lower extremities are ele-
vated, the deep veins become emptied of blood and because of 
l ack of nutrition, the venous endothelium suffers . Besides, the 
collapsed vein walls come in contact with each other and in the 
areas where the adhesion is great, disruption of the lining oc-
curs on refilling of the vein . These endothelial changes favor 
thrombosis by acting as nidi for platelet agglutination . Con-
versely, if the patient is placed in a head uppasition, these 
veins become filled, and there is less danger of resultant 
thrombosis since the vascular endothelium is well nourished , 
and the vessels are well distended . Patey believes that a head 
16. 
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up position of necessity forces the patient to contract and 
relax the muscles of the legs; this favors the movement of blooc 
towards the heart . He also states that if thrombosis should 
occur, it would take place in a well dilated vein, with a greater 
inflammatory reaction and a more extensive clot formation. Thie 
will tend to fix the thrombus more firmly to the vessel wall 
and thus the danger of a floatin8 embolus is greatly reduced. 
Lowering of blood pressure results in a corresponding fall 
in the rate of blood flow . This slowing affords an opportunity 
for the fixed elements of the blood to settle out . Walters (1~ 
reports an average drop of 30 mm . Hg in the blood pressure of 
postoperative patients . The prevention of circulatory collapse 
-
is of value because such collapse favors vascular retardation, 
anoxia, and injury to the vascular endothelium, and if prolan-
ged, increases blood viscosity. Smith and Allen ~31) found 
that the velocity ~f venous return is reduced in 40% of cases 
postoperatively . 
Increased abdominal pressur e such as follows ileus or 
intestinal stasis is a problem of all abdominal and many extra-
abdominal operations . Abdomi nal distention of any degree exert 
pressure which is transferred against the inferior vena cava 
and iliac veins which in turn hinders the normal return flow 
of blood from the legs . Another fact or which enters here is 
the application of c onstricting bandages which are frequently 
used by surgeons in an attempt to g ive support to the abdominal 
wall. Patey ~14) showed that there is a definite increase in 
17. 
intra- abdominal tension postoperatively. This is apparently 
the result of a decreased action of the diaphragm and abdomina 
wall splinting. 
Injury to vessel wall: 
Changes in the vessel wall occur in severe injury,sepsis, 
or varicosities . In such instances it does not tak e much argu-
,... 
ment to comvince one that injury has occurred. However, most 
thromboses occur in t h e absence of any such known causes . Aside 
from rheumatic changes in a vein wall which has been known to 
be a cause of a very deceptive thrombosis ( 124) and fatal 
embol-ism, evidence of significant degenerative changes even in 
acute "fevers is sp~culative . 
Aschoff and Welch found no gross or microscopic changes 
18 . 
in the walls of the vein beneath simple thrombi . Belt, likewise 
was disapnointed in the absence of evidence of vesse<l wall 
changes. Patey (115 ) aft e r an exhaustive post-mortem study of 
fatal emboli concluded that " the v eins in these subjects are 
exasperatingly normal ." 
A different view is held by Cohnheim and Ribbert (53) . 
They point out that injury to the lining of a blood vessel fa-
..; 
vors, if it is not essential to, the loc a lizayion and deve-
lopment of a thrombus . Homans (69 ) states that in phlegmasia 
albadolens, perhaps the most common of all thrombophlebitides, ' 
h e found on exploration remarkably acute non-suppurative in-
flammat ion surrounding the external iliac vessels . He attribu-
-----
tes this as a cause not only of venous thromboses but of arteri· 
al spasm as well . Frykholm (53) likewise believes injury to the 
vessel wall is extremely imp ortant and his method of p rophylaxi 
is based on this belief. 
Blood changes: 
The platelets have been vigorously studied ever since theil 
imuortance was uointed out by Welch and Aschoff . Wells stated, 
that numerous studies on the relationship of t h e pla1Jelets to 
disease cond iti ons have indicated a certain paralleli s m between 
their numbers and tl~ e tendency to coagulation observed in va-
rious diseases . Hittmair (66) in a comprehensive review says, 
"it is striking t h at in cas es in which thrombocytes are increasei 
by constitutional, post - hemorrhagic, post -infective , post-opera-
tive or other causes, an increased coagulability of t he blood 
and the tendency to t hrombosis can be shown . On the other hand, 
in t h rombocytopenia, a lengthening of coagulation time results ." 
Dawbarn and his co-workers, (34) report t h e f ollowing re-
sults after studying platelet changes in different c onditions. 
Post-operatively, the p l atelets showed a general tend ency to in-
crease and at t h e same time, coagulation time shortened slightly 
The rise began about the sixth day; reached a maximum about the 
tenth day, uersisted for a few mo re days and a normal fi gure was 
again reached in about three weeks . The ueriod of t his platelet 
rise, closely corresponded with t h e time of clinically observed 
uhrombosis and embolism . 
19. 
In cases of natural delivery , t~e blood platelets showed 
a definite rise about the fourth day, reached a maximum repre-
senting lOO% , increased about the tenth to the twel f th day and 
then gradually fell . Counts made after three weeks gave a nor-
mal figure . The coagulation time showed a progressive shortenin~ 
until the twelfth day , similar to that observed after surgical 
operations . Clot retraction was always well marked . 
In 5 cases of Cesarean births, the average rise in plate -
lets was about 200% and the smallest rise , 146% • The rise bega1 
more quickly, reached a maximum f r om the ninth to the thirteentl 
days and fell more slowly than in the surgical and ' normal ' 
parturition series . The shortening of the coagulation time was 
also more marked . Experience with thrombosis agrees with these 
results . Eden and Holland (42 ) state that one woman in eve ry 
400 suffers from phlegmasia alba dolens in the puerperium while 
after Cesarean section , the incidence is given as 2 . 9% by 
Schumacher 0- 27). 
These same authors , Darbarn et al , in an examination of the 
literature on the nlatelet resuonse to acute generalized infec-
tions concluded that there is a definite measure of agreement 
as t o the fall in the acute stage , and the rise in convalescencE . 
They feel •that the diminution i s due to a poisoning of the bone 
marrow , and that the i n crease i s reactionary . I n the febrile 
stage observations show t hat clot t ing is impaired , whereas , i n 
the c onvalescent periods , the clotting time tends to shorten anc 
clini cally thrombosis occurs . Thus following acute generalized 
20. 
infections, thrombosis occurs at a time when platelets are high 
or may be expected to be high . · 
In regard to platelets in local sepsis, few observations 
are found in the literature . Hittmair (66) summarizes t h e lite-
rature (?y saying , 11 the findings in septic diseases, abscesses , 
peritonits, etc ., are very changeable . It depends probably on 
the severity and nature of the morbid condition and t h e part 
played by the bone marrow, whether thrombocytosis or thrombo-
cytonenia results . " It is known that with mild sepsis, the bone 
marrow reacts to t h e irritation by incre ased ac t ivity, while 
with severe poisoni ng, t h e activity is denressed . 
Fibrinogen production is influenced by a variety of noxiouE 
stimuli . (48 , 49,) It is increased in t h e plasma level by tissue 
inflammation or destruction whether traumatic, chemical, bacte-
rial or neoplastic in nature . It has been shown t o rise in preg-
, nancy and in patients on a diet rich in a n imal proteins . In 
acute infections, it takes severa l days for the plasma fi brino-
gen to rise to a maximum and its return to normal , may require 
several weeks also . In c ontrast to acute infections, chronic 
infection and c h ronic tissue destruction in g eneral, produce 
a prolonged and significant elevation of fibrinogen . (56) 
The sed iment a tion rate of erythrobytes, in ~eneral, close-
ly correlates with t h e fibrinogen levels of t l e blood plasma . 
When t h e fibrinogen incre ases, the sed imentation rate is more 
rapid . (55) Blo od with a ra n id s edimentation r a te c ont a ins more 
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fibrin in the coagulum. It is this increase fibrin matrix of 
the clot which is responsible for its more rapid and forceful 
retraction. , 
Barker and his co-workers ( 16 ) have demonstrated statis-
tically that anemia is a definite predisposing factor in pulmo-
nary embolism. Coagula of anemic blood contains more fibrin, 
more serum, and less erythrocytes than normal blood. This makes 
for a more rapid and powerful retraction. Hirschboeck and 
CoffEY (65) state that the three hemic f actors, blood platelets, 
plasma fibrin , and anemia working together result in a rapid 
clot retraction . 
Katrakis (78) demonstrated that in a variety of surgical 
• 
conditions , those cases exhibiting cachexia or infection, more 
serum was formed during the early fifteen minute periods . 
Lampert (82 ) suggested that this may account for pulmonary 
emboli in certain surgical patients . The early formation of 
serum is the result of rapid and strong clot retraction, and 
should a thrombus form in such a patient, the possibility of its 
detachment is much greater. 
Hirschboeck and Coffey report a case of chronic myelogenous 
leukemia with a platelet count 1,400,000 in which the clot re-
traction was two and one-half minutes as compared to thirty-five 
minutes in normal blood. Such extreme examples as this, however 
occur only in blood dyscrasias. These same authors studied 
clot retraction in 10 cases of pulmonary embolism ; in 9 out of 
these 10 the clot retraction was less than ten minutes . 
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In patients with a malignant growth t h e tot a l pl a telet 
c ount j_ s frequently elevated. 'J'he abnormal! ty i n t h e di fferer ·-
tial formula is due either to an increase in the number of sma l l 
forms or to the presence of large and giant platelets. The oc-
currerice of thrombocytosis in patients with a malignant growth, 
~as first noted by Hayem (61) . The original observations of 
Hayem have been amply confirmed by many subsequent investigators 
To show the correlation between changes in concentration of 
the plasma constituents and their effect u n on clotting, Bancroft 
et al ( 4,, 5 , 6) began a series of stud ies a n d re search . They have 
worked out a normal clotting ind ex which is 0.5 · ± 0 , 2 TheY: 
cl a im that values above 1 . 0 indicate a marked tendency to clot 
and values below 0 . 2 indicate a marked tendency to bleed . In 
uheir most recent renort(7) theY- give the results of 920 cases . 
Pf these, 111 or 12% showed high clotting indices by t h eir new 
prothrombin and fibrinogen tests . Only 46% of the group in the 
~anger list received prophylactic treatment and no accidents oc-
curred . in t h at group . In the untreated group, nine accidents 
~eveloped . 
~ltered metabolism: 
The metabolism of the postoperative p a tient is profoundly 
~ltered . Several factors come into play, such as psychic depres-
~ion from the fear of surgery, toxemia from anesthesia, and 
ILrauma and shock from blood loss . Under anesthesia there is 
~ considerable loss of fluid through perspiration and insensible 
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loss through the lunqs . Restricted fluid intake, sweating, 
vomiting and blood loss contribute to the dehydration with con-
sequent increase in the fixed elements of the blood . This in-
creased viscosity predisposes to thrombosis. Coller and his 
associates ( 29) emphasize the importance of fluid loss during 
an operation . Inadequate food and inactivity lower the meta-
bolism . Sedatives such as morphine and barbitu·ric acid deriva-
tives Ql3) further depress the metabolism . 
Tissue trauma: 
The release of tissue extracts, 'tissue juices', into the 
circulation by trauma is an attractive theory of thrombosis of 
long standing and is favored by Mason ( 88) who says, "the potenc ~ 
of such an extract has not been fully appreciated , for it re -
quires only 0 . 003 gm . of lung tissue extract to produce completE 
intravascular coagulation through-out ·a .r.a.'bb.ft . " 
It is known that thromboplastin is widely distributed in 
the body as an intracellular substance . In the blood it is 
found in the platelets and perhaps in the plasma as well. Certajp 
tissues, notably the brain, lun~s and thymus are particularly 
rich in thromboplastin . It does not occur free, but is libera-
ted whenever tissue cells are injured or ruptured. In the 
blood , thromboplastin is locked up in the platelets . One would 
then expect more thromboplastin to be liberated the greater the 
tissue trauma , and, secondarily, more thrombi to form . In 
support of this, Snell ~3~ in his report on the factor of 
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obesity to thrombosis, states that he believes the greater libe-
ration of large quantities of linoid thromboplastic substances 
in obese pat ients - contributes greatly to their susceptibility 
to death from pulmonary emboli . Galloway (54) likewise consider~ 
absorption from damaged tissue an important contributing cause 
of pulmonary mishaps . 
However, portal thrombosis foll owing operations on the 
gall bladder, stomach, and intestines is rarely observed even 
thou~h the portal vein is flooded with tissue extracts. Patey 
(113 inj ec ted tissue extract into the peritoneal cavity of dogs 
and found no subsequent thrombosis . Some argue that if tissue 
extracts in the circulat ion were of great importance, thrombosis 
should extend from the site of operation, whereas actually the 
site of operation has little to do wi th the point at which the 
thrombosis begins . Radical breast operations are rarely follow-
ed by thrombosis althou c.rh they are very traumatic . Pelvic ope-
rations , especially prostatectomies, are more c ommonly compli-
cated by thrombosis . Lastly, in pati e nts with cardiac decom-
pensation there is no greater release of thrombokinase than in 
other c orrespondingly ill patients and yet the former, as pointec 
out by Belt (13),have thrombosis far more frequently . 
Infection: 
Over one hundred years ago , Cruveilhier (32) became the 
phief exponent of the infecti on theory of thrombosis. He re-
garded the inflammBtory changes in the vein as primary and the 
plotting of the blood as a secondary factor . At present his 
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views are not upheld. The one exception seems to be idiopathic 
primary thrombophlebitis in which Barker (14) has shown that 
infection played a significant part . Lockhart-Mummery (83) 
states, rather defini+ely, that he does not believe sepsis is 
the cause of pu lmonary embolism . Repeated observations ind icate 
that 'clean ' operations are more apt to be followed by fatal 
embolism than those complicated by in f ection . Sudden, fatal 
embolism strikes without warning the patient who has made an 
uneventful postoperat ive recovery, while nonfatal and repe~ted 
pulmonary emboli more commonly follow clinically recognizable 
thrombophlebitis . If infection is an important cause of 
thrombosis, why is the incidence of thrombosis and embolism 
g~eater, as it is, following fracture of the neck of the femur 
than followin operations for suppurative appendicitis? Why 
should bacteremia cruse thrombosis of the pelvic and femoral 
veins and not of the axillary? Furthermore, why should it pick 
out the left leg more commonly than the right~ 
Obesity: 
Many observers have directed attention to obesity as a pre-
disposing factor in thrombosis. Barker {16) and his co-workers 
reported their observ ations on patients in their series who 
underwent abdominal hysterectomies . The incidence of po stopera-
!uive venous thro~bosis ann pul monAry embolism was 4% in patients 
who weighed less than 200 pounds and 8% in those weighing over 
~00 pounds . Of 36SO patients on whom inte s tinal operations 
Nere performed, thrombo- embolism occured in 3 · 2 % of those who 
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weighed le ss than 200 pounds; and 7 . 1 % of those who weighed mo rE 
than 200 pounds . Henderson ( 62 ) in a statistical analysis 
of pos tmortem thrombo- embolism, reported tha t the average weight 
~ 
o f the patients in hi s series was 1 3 pound g reater than normal . 
Snell (132) reports that in 150 obese patients who died 
postoperatively, thrombo- embol i sm was the c ause of death in 48 
c ases (31%) . He believes the increas ed incidence of thrombosis 
in obese persons i s due to the g reater difficulty in operating, 
t o the gre e ter _ lik~lihood of c i rculato ry retardation and to the 
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liberati on of large quantities of lipoid thromboplastic substanc~s . 
Rossle (12~ is of the opinion that in obese persons, because of 
the increased weight of t he leg , the pressure of the c a lf muscle 
a gainst the bed is sufficient t o c ompress the veins and thus 
predispose to intravascular clotting . Friedlander (52) believes 
that in obese patients interference with the return fl ow o f 
blood throu gh the fe moral v eins is greater bec ause the opening 
in the fem or a l canal is encroached upon by fat and bec ause the 
fat bolster in the buttock is larger, resulting in g reater ele-
vation of the pelvis . This makes a highe r angle in the fe mo r a l 
vein and thu s further int erferes with the flow of b lood into 
the pelvi s . 
Age : 
Age as a factor is of conspi cuous importance in pulmonary 
embolism:. Of Barker's patients on whom necrop s y was performed, 
93% were more tha n 40 year s o f age, 70% more than 50 years of 
aa:e and onl v one less than 30 ye a rs of ap:,e . McCartney (91 ) 
also stressed the factor of age and express ed the belief that 
certain operati Jns are followed by such a high incidence of 
emboli because of the late average age of t h e patients when 
these operations were Performed . 
Neoplasm: 
Trousseau ( 134) was one of t he first to call attention to 
the .causal relation of cancer and thrombosis and to note that 
frequently the first man ifestation of an internal cancer is 
peripheral phlebites . The frequent association of these two 
factors hav e been referred to as t h e 'Trousseau sign' . 
Sproul (133 ) noted the re l atively high incidence of venou 
thrombosis complicating carcinomas of the body or tail of the 
pancreas . I n 56% of cases of carcinoma of these portions of 
the pancreas, wh ich he studied , at least one thrombus was pre-
sent . In 31%, the venous thrombosis was largely disseminated . 
James and Matheson descri bed two cases of carcjnoma of 
the stomach in which the basilic and saphenous veins were occltd-
ed and a carcinoma of the lung a s sociated with multiple throm-
bosis of internal and PeriPheral veins . 
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Local Thrombophlebitis 
Chemical 
Chemical irritation of a vein results in a thrombosis 
which is strongly adherent to the vessel wall . The greatest 
majority recanalize or fibrose and pulmonary emboli are rare ~ 
occurrences . Chemical thrombophlebitis may be therapeutic or 
accidental . It is seen following intravenous injection of 
hypertonic solutions of sodi um chloride, glucos~ amino acids , 
certain drugs such as salyrgan and arsphenamine , or any of t 
the numerous sclerosing solutions used in varicose vein thera 
py . 
I t has been thought that the inj ecti on treatment was an 
innocuous procedure . This feeling of q8curity is the result 
of the great percentage of successful injections with so few 
mishaps . Literature, however, testifies to the fact that, 
though rare, fatal pulmonary emboli do occur . 
The first case of fatal pul monary embolism following the 
injection of sclerosing solutions for the treatment of vari -
cose veins was reported in 1922 by Hohlbaum . (67) The first 
American author to report a fatal case was Olson (107) in 1927 . 
A comprehensive review of the literature on this subject was 
first attempted by McPheeters and Rice in 1928 . (93) These 
authors, after a careful search of the European and Ame rican 
literature , found 4 diagnosed cases of fatal pulmonary embo-
lism i n a total of 53 , 00u cases of varicose veins treated 
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by injecti on . In 1931 Kette l (79) reviewed 60,000 c ases and aft~r ­
a careful analysis only one could be at tributed to the present 
day recognized technic of injecti on treatment . The literature 
was brought up to date in 1934 by Kilbourne; he added 9 cases 
of his own . 1Neste rhorn (L40) in 1937 reviewed the case s in 
Sweden and reported ll deaths in 30,000 c ases . In 1937 a lso 
Homans (71 ) reviewed 162 vein ligations for thrombophlebitis 
at the Massachusetts General Hosp i tal, and reported 3 deaths 
from pulmonary emboli . In 1940 Dean anc Dulin (35) reviewed 
about 600 cases of varicose veins treated by injection and re-
ported only 2 deaths . 
Mechanical : 
Under this category are included those types of thrombo -
phlebitis that follow gross mechanical injury or interference, 
and orig inate at the site of the injury . They may be the 
immediate result of a crushing or tearing lesion of a vein and 
are a l so seen as a late complication of extensive traumatic 
lesions, particularly fractures . An interesting type is the 
one called " thromboses par efforte". This is typically exempli-
fled in the axillary veins and the deep veins of the calf, 
occurring after some unusual st r a i n or unaccustomed effort . 
Factors whi ch cause mechanical pressure or interference with the 
v enous return , su ch as neoplasms , pregnant uterus, or aberrant 
vessels , can be the ini tiating causes of mechanical thromboses . 
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Suppurative: 
This is a serious condition . Here the presence of micro-
organtsms gi ves rise to coagulation and the clot h as an in-
fective character which communicates to any part to which it 
is carri ed . The process may begin in an inflammation of the 
outer coat of a vein, originating in a septic or suppurating 
wound, or in an infective focus as in a middle ear disease or 
in acute necrosis of the bone . A typical example is the sup-
purative thrombophlebitis of the jugular vein occuring as a com~ 
plication of suppurative masto i ditis . SuppuratiYe thrombophlebi~ 
tis is also seen in the portal v ein and occasionally in the 
iliac veins or their branches as a result of intra-abdominal 
infection. This spreading to the inner coats leads to an endo-
phlebitis and consequent thrombosis . Again, the organism may 
invade the intima from the circulating blood or from an infected 
thrombus brought from a distant part . 
Vari cose veins ; 
Varicosities are widespread throughout the population for 
th'ey occur in from 10% to 17%· (83 ) Many reasons have been 
put forth for the onset of varicose veins such as standing oc-
cupations, tight garters, pregnancy , heredity, mild degrees of 
phlebitis with the accompanying destruction of important valves, 
and pelvic tumors . At present it is thought that heredity is 
the basic cause and all of the other accompanying factors are 
just initiating . All pregnant women do not develop varicose 
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veins and only certain waitresses and shop girls devaop them, 
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indicating selection. Luke (86 ) mentions the fact the the 
selected are the ones who have congenitally weak veins, parti-
cularly valves, or whose valves are numerically fewer . He con-
tinues to say, " that this is definitely possible when one,con-
siders the embryology of the vein valves. They are first seen 
in embryo at three and one-half months, many more being laid 
down than even survive to maturity of the fetus. In those who 
develop varicose veins this degenerative process going on in the 
. 
later stages of the fetus, is continued into the adult, and the 
valves become incompetent as a result of one of the above men-
tioned occupations or conditions . This is all the more credible 
when one considers the youthful age of onset in most cases of 
varicose veins, between 20-30 years . " 
Varicose veins of the lower extremity are veins superficial 
to the deep fascia in contrast to the deep veins which are con-
fined within the deep fascia and cannot be dilated even when dis 
eased . In varicose veins, the valves betwe en the deep and super 
ficial systems are incompetent and the flow of blood in the erec 
posture is reversed, with the result that the veins become dila-
ted and tortuous. The mechanisms by which valves become incom-
petent are: 
1 . congenital absence of critical valves. 
2 . increased back pressure with functional incapacity 
of the valve from dilatation of the vein as in heav 
lifting or pregnancy. 
3 . involvement of the valve cusp in a thrombus, since 
with recanalization the valve is destroyed. 
(~dwards showed this very well . (45IJ 
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Lal{e and his co-workers me de a study of 536 persons divide~ 
into age groups , who had been sitting, standing, walking, or 
climbing stairs for 10 years or more at their work. Their 
results show that varicosities we re more common in women than 
in men , and most common in pregnant women. 
Incidence of Varicose Veins* 
Total Number with Per cent wi h 
varicose veins varicose ve ns 
Men 305 125 40.7 
Women 231 167 73·2 
Never pregnant 133 89 66.9 
1 or more pregnancies 98 78 79.5 
To eliminate the factor of pregnancy, these same authors 
have compiled a second chart of male cases and non-pregnant· 
female cases. Here again the preponderance of cases is female. 
Incidence of Varicose Veins by Sex and Occupation* 
Males Non-pregnant Females 
Total Number with Total Number with 
varicose veins varicose veins 
Standers 89 36 (40 . 5%) 63 47 (73. 8% ) 
Walkers 129 55 (41 . 0%) 28 19 (67 . 9%) 
Sitters 40 20 (50 . 0%) 42 23 (56 .8% ) 
Stair climbers 47 16 (34 . 0%) 
*Lake ( 81) 
32. 
This difference in sex incidence may be explained by the 
greater use of the leg muscles in the male which makes for bette~ 
emptying of the veins. In constrast, there is not only less use 
of leg muscles in the female but also a greater tendency for 
venous back pressure as occurs, for example, in engo rgement of 
the pelvic organs . 
Thrombophlebitis is a common condition occurring at some 
timte in the course of about one- half of all patients with vari-
cose veins . It is the least obscure and the least interesting 
of the thromboses . When it occurs, it is troublesome and pain-
ful but only rarely is it a fatal condition. When we stop to 
consider the pathology· of varicose veins and the physiological 
changes re sulting from it, we wonder why thrombi do not occur 
much more nften . 
The thrombosis usually appears near the knee, more often 
above than below , and in a prominent dilated vessel or pocket. 
The process spreads upward to the saphenous opening, beyond 
which it rarely goes . This is another example of failure of 
extension of a thrombus where it enc ounters a strong blood strear 
( in this case the femoral vein) . The thrombus rarely detaches 
itself from the vein wall bec ause of its strong adhesion to the 
unhealthy vein wall . 
Now for a brief summary of the predisposing factor s in 
thrombosis in varicose veins . The wall of the v a ricose vein 
is fibrosed and badly nourished . Very often its intima is 
cracked by unusual strains as severe exercise or back pressure 
33. 
from long standing . The flow of blood is sluggish in the tor-
tuous, dilated vessels and their saccules; this makes for whorls 
and eddies which Aschoff so frequently stre s sed . The sluggish 
circulation has been wonderfully demonstrated by McPheeters and 
Rice ( 93) who studied the flow of blood in varicose veins after 
the intra-venous injection of lipiodol . Veal and Van Werden (138 
confirmed these observations . 
The cyanosis of a varicosed extremity is a good indication 
of the diminished oxygenation and de Takats ( 38) found the carbo 
dioxide content of the blood in these varices to be higher than 
that of the veins of the arms . This anoxemia is due to the 
downward flow of blood into the saphenous system which makes it 
supervenated . An increase in carbon dioxide is said to enable 
blood coagulation, presumably by increasing its calcium. The 
viscosity and protein content of this stagnant blood is also 
inc rea. sed . (117) It has been shown that intravascular clotting 
can be produced by injection of proteins . Q20) The sedimentation 
rate in venous stasis is also increased, due to the increase 
in fibrinogen and globulin . ( 117 ) This ificrea.sed cap~bility 
of the red cells to settle down would increase the chances for 
the oroduction of thrombi . 
T:O · these remarks concerning the background of thrombophle-
lbitis in vericose veins may be added a mention of two incid ents 
~hich may produce a thrombosis in any ves s el but which are very 
common as a precipition cause of thrombophlebitis in varicose 
tveins . The most common one is trauma . The injury does not have 
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to be a severe one, indeed, it is frequently an accidental kick 
of a child, or a mere bumping int o an article offurniture. The 
second inci~ent is the submission of the patient to enforced bed 
rest, dehydration, etc . occasioned by childbirth, operation, 
or acute febrile disease . 
Pulmonary embol i sm from a v aric ose thrombophlebitis, though 
possible, occurs rarely, especially if the patient remains am-
bulatory. This may be explained by the fact that, if the varice 
is severe, there is anatomical or, at least, functional valve 
loss and, consequently, the blood in the saphenous vein flows 
downward. If the patient is erect, the thrombus cannot escape 
through the saphena-femoral junction but is jammed downward into 
the leg . It c an then escape only by way of the perforators whicl 
again offer an effective mechanical obstruction since they ara--ccn-
siderably narrower than the sanhenous vein itself. If the patiEnt 
is in bed, however, the blood no l onger flows distally but in thE 
~ormal direction toward the femoral vein. The thrombus may now 
~reak off a nd be carried proximal ly. Furthermore, with bed rest 
a propagation of the thrombus is accelerated into the deep veins 
pf the leg or thigh . Most pulmonary emboli from varicose veins 
~rise from these propagated clots, r ather than from the thrombus 
~n the saphenous vein or its tributaries. 
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Hematogenic Thrombophlebitis 
In contrast to the frequency of a condition such as myo-
cardial insufficiency, the scarcity of blood dyscrasias stands 
in marked contrast . In a. large series of autopsies (261 3 cases 
reported recently by Burke (24), 648 cases were complicated by 
thrombosis. These cases were collected in a period of 13 years 
In this series of 648, the v arious leukemias, anemias, purpuras 
and Banti ' s disease constitued but 12, or less than 2%. 
Anemia secondary to some other condition is fairly common. 
Lockhart-Mummery (83) in 1924, directed att ention to the gr~ate 
likelihood of thrombosis occurring in anemia. Donald (39) re-
ported three cases of profound anemia in which fatal pulmonary 
embolism developed. He believed that the anemia contributed 
to this mishap greatly . Blair (19) noted the increased incidence 
of thrombosis in patients with l ong-continued hemmorrhage . 
Shaw (~9) empha si zed this point also . Drinker et al (41) 
demonstrated the increased coagulability of the blood due to 
the increased cellular elements following hemorrhage . Anemia 
may also predispose to thrombosis because of its secondary 
effect on the cardio-vascular system by diminishing cardiac 
tone. 
Blood dyscrasias predispose to thrombosis because of the 
great changes in the blood constituents that they produce. 
Thrombocytosis is frequently encountered in polycythemia vera, 
especially when phenylhydrazine is used in its treatment. Frey 
(51) has shown that this extreme thrombocytosis following the 
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use of phenylhydrazine is due to its irritati on o f the g iant 
cells of the bone marrow. Hirschboeck and , Coffey (65) reported 
a case of chronic myelogenous leukemi a in which t h e platelet 
count reached 1,400,000. Thrombophlebitis frequently c omplicate~ 
pernicious anemia usua lly a t the time of the grea t rise in 
platelets following trea tment by liver extract. Instances have 
been reported in which v enous thrombosis followed blood trans-
fusion . Patients who g ive a previous history of thrombophlebiti 
of any type are good candidates for thrombosis after blood trans 
fusion even if the blood is carefully typed. 
When we consider the marked chang es in the blood constituen s 
that occur in these blood dyscrasias, and the debilitating effec 
they h ave on the system as a whole , we are n ot surprised that 
thrombi occur but rather that they do not occur more o ften, 
particularly in those cases in which the viscosity is so greatly 
increased as in polycythemia vera . 
The following chart,· compiled by Barker ( 13), sh ows the 
vari ous blood dyscrasias which compose 10% of the cases o f 
thrombophlebitis complic a ting infectious or systemic diseases 
seen at the Mayo _Clinic during a five year peri od. This is 
the largest series of such cases reported in recent years and 
gives a fair representation of the contribution of blood dyscra-
sias to thrombophlebitis and pulmona ry embolism . 
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Thrombosis and Embolism Complicating Blood Dyscrasias* 
Fatal 
Thrombo- Pulmonary pulmonary 
phlebitis embolism embolism 
Polycythemia vera 6 l 0 
Pernicious anemia 3 2 l 
Leukemia 2 0 0 
Hypochromic anemia 2 0 0 
Agranulocytosis l l l 
Secondary anemia after 
blood transfusion 3 l 0 
Total 17 5 2 
*Barker ( 13) 
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Secondary Thrombophlebitis 
Postoperative: 
It is known that the greate st incidence of fatal and non-
fatal embolism follows operations of all types . Barker and 
..., 
his associates at the Mayo Clinic (f6) have assembled a remark-
able series of statistics on the subject, covering a period of 
13 years . In their total of 1,665 cases, were included those 
clinically diagnosed as thrombophlebitis or pulmonary embolism, 
those of fatal pulmonary embolism, and those of nan-fatal 
pulmonary embolism or ante mort Pm venous thrombosis discovered 
only at autopsy. The total of fatal case s is undoubtedly ac-
curate; the total of non-fatal cases of pulmonary embolism and 
thrombosi, however, is prob bly less than the total incidence, 
since many cases go unrecognized . 
In the following pages their finding s will be used to 
present the subject of postoperative thrombophlebitis, its 
incidence and dis t ribution. 
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In discussion of the chart on the opposite page: 
1 . The highest incidence of venous thrombosis and pulmonary 
embolism occurs in cases where there is extensive resec-
tion of tissue and in laparotomies. These operations arE 
of relatively long durat i on and magnitude . 
2 . Venous thrombosis and pulmonary embolism are about twice 
as common following laparotomy as they are following othEr 
operations and about three times as common following lapc:-
rotomy in which operations on femal organs were done . 
3 . The incidence of venous thrombosis and pulmonary embolisrr 
is approximatel y y t wice as common in cases of repari of 
bilateral femoral or inquinal hernia as in cases of uni-
lateral repair; the difference is only that of magnitude 
and duration of procedure . 
4 . Simnle exploratory laparotomy for inoperable malignant 
le s i ons , an operation of relatively short duration and 
small magnitude, mevertheless carries a high incidence of 
venous thrombosis and pulmonary embolism, particularly 
the latter . A high incidence i s suggestive that where 
c ancer is present , there is an increased predisposition 
to postoperative venou s thrombosis and pulmonary embolism 
5 . The incidence of venous thrombosis and pulmonary embolism 
following an appendectomy for ruptured appendix is more 
than twice as great as the following an appendectomy for 
a chronic or sub-acute appendicites . These operations 
are of approximately the same magnitude , the only addi-
tional factor is the presence of infection in the former . 
6 . Splenectomy g ives a high incidence of venous thrombosis 
and pulmona ry embolism . This i s explained on the basis 
of marked changes in certain elements of the blood . 
aking all the operations together, the incidence of this large 
~eries shows thrombosis and pulmonary embolism to be but 1%. 
~he incidence following splenectomy in which venous thrombosis 
~nd pul monary embolism is mos t frequent , is only approximately 
J1o . The highest incidence of fatal pulmonary embolism following 
~ny type of an operation is only 0.77%• 
• 
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Postoperative venous thrombosis and pulmonary embolism: number 
of patients in whome these conditions occurred after various types 
of operation and percentage of operations which were followed by 
given complication 
Type of operation 
1. Brain operations 
2. Other head operations 
3. Thyroidectomy 
4. Removal lymph nodes neck .( 1vi th malignant lesion) 
5. Other neck operations 
6. Radical amput&tion breast 
7. Other breast operations 
8. Rib resection and other chest operations 
9. Exploratory laparotomy for inoper<:,ble malignant lesion 
10. Resection stomRch 
11. Other stomach operations 
12. Gallbladder and duct 
13. Splenectomy 
14. Colostomy, enterostomy 
15. Resection intestine 
16. Other intestin~l operations 
• Other UpJ)er abdomim ... l operations 
18. Appendectomy for chronic or subacute · P.1)endici tis 
19. Appendectomy for ruptured ap1endix 
20. Femoral or inguinal hernia, unilateral 
21. Femoral or inguinal hernia, bilateral 
22. Other hernta except diaphragmatic 
23. Abdominal hysterectomy 
24. Vaginal hysterectomy 
25. Cesarean section 
26. Other gynecologic operations 
27. Prostate and bladder 
28. Transurethral resection 
29. Kidney and ureter 
30. Other lower abdominal operations 
Jl. Minor rectal, male genital 
32. Vaginal or minor gynecologic operations 
33. Open reduction fra·ctures 
34. Other operations on extremities 
35. Spinal column 
36. Other operations on trunk 
Total 
*Thrombosis or embolism or both 
r:rotcd 
number of 
patier:ts 
having 
operation 
3,118 
11,713 
21,366 
1,420 
6,:229 
2' 919 
3,<]56 
-,779 
~,427 
2,246 
10,278 
13,103 
391 
3,332 
2,571 
1,108 
826 
7,975 
835 
3,~~5~ 
661 
1,259 
5,730 
1,192 
141 
4,048 
5,232 
1,214 
4,633 
385 
10,527 
10,583 
721 
12,641 
l, 6L. 7 
3, 8)0 
172' 888 
All thrombosis 
and embolir-m* 
Number Per cer 
of patients of tot 
13 o. ~-2 
4 0.02 
24 0.11 
4 0.28 
4 0.06 
36 1.23 
10 0.25 
11 0.62 
48 1.98 
64 2.85 
196 1.91 
230 1.76 
20 5.12 
78 2.34 
86 3·35 
35 ).16 
8 0.97 
67 0.84 
17 2.04 
'51 1.32 
19 2.87 
27 2 .] 4 
230 4.01 
30 2.52 
4 2.84 
75 1.85 
125 2.)9 
5 0.41 
52 1.12 
5 l.JO 
8 0.08 
37 o. 35 
5 0.69 
17 0.13 
14 0.85 
6 0.16 
1,665 0.96 
Pulmonary al pulmonary Clinical diagnocis of 
embolism embolism thrombophlebitis 
Lt Number Per cent Nu. er Per cent Number Per cent ;al of p ~ tients of total of ptients of total of patients of total 
12 0.)8 7 0.22 l 0.03 
4 0.02 2 0.01 0 
ll 0.05 3 0.01 15 0.07 
3 0.21 2 0.14 l 0.07 
2 0.03 0 2 0.03 
17 0.58 5 0.17 26 0.89 
5 0.13 3 0.08 6 0.15 
9 0.51 2 0.11 5 0.28 
29 1.19 17 o. 70 20 0.82 
31 1.38 13 0.58 33 1.4 7 
112 1.09 35 0 • .34 112 1.09 
119 0.91 '+7 0.36 143 1.09 
13 3. 32·· 3 0.77 10 2.56 
52 1.56 23 0.69 37 1.11 
62 2.41 16 0.62 25 0.97 
24 2.17 7 0.63 11 0.99 
. 2 0.61 
0.45 6 0.08 38 0. /..:.8 
12 1. L!-4 3 0.)6 7 0.84 
29 0.75 14 0.36 28 0.73 
10 1.51 4 0.61 13 1.97 
11 0.87 6 0.48 17 1.35 
87 1.52 42 0.73 163 2.84 
14 1.17 6 0 .. 50 22 1.85 
1 0.71 1 o. 71 3 2.13 
28 0.69 10 0.25 56 l.J8 
90 1.72 36 0.69 50 0.96 
4 0.33 l 0.08 l 0.08 
25 0.54 9 0.19 31 0.67 
3 0.78 2 0.52 l 0.26 
4 0.04 0 6 0.06 
12 0.11 3 0.03 31 0.29 
3 0./..:.2 2 0.28 3 0.42 
11 0.09 6 0.05 4 0.03 
7 0. L:.3 5 0.30 8 0.49 
l 0.03 l 0.03 4 0.10 
897 0.52 343 0.20 938 0.54 
In discussion of the chart on the opposite page: 
1 . The incidence of all thrombosis and embolism was 
greater in women than in men especially in clinically 
diagnosed thrombosis in which the ration of male to 
female was roughly 2:3 . 
2 . The incidence of pulmonary embolism both fatal and 
non-fatal was greater in men . 
0 0 0 
" 
I POSTOPERATIVE VENOm:) THROMBOSIS riND PULMONARY EM:OOLISM: FRE~UENCY OF C01\[pLICATIONS BY SEX 
. 
Compl icat i ons 
' 
Total thrombos is Total pulmonary Fatal pulmonary Thrombophlebitis 
and embolism embolism embolism clinically 
I 
di &gnosed 
Total 
opera-
tions Nllivnber PerCent Number PerCent Number PerCent Number PerCent 
I 
Men 81,615 757 0.928 494 0.605 178 0.218 347 0.425 
Women 91,273 908 0.995 403 0.442 165 0.181 591 0 . 648 
I 
I 
I 
~ Total 172,888 1,665 0.963 897 0.519 343 
0.198 938 0.5 43 
I 
I 
I 
I 
I 
I 
' From Reference ( 16) 
1-3 
PJ 
o'~ 
~ 1---'VJ CD • . 
44 . 
In discussion of the chart on the opposite page : 
1 . Postoperative venous thrombosis and pulmonary emboli 
are rare in patients less than 20 years of age . 
2 . More than 50% of the cases occurring in men occurred 
between the ages of 50 and 69 years . 
3 . More than 60% of the cases of venous thrombosis and 
pulmonary emboli occurring in women, occurred between 
the ages of 40 and 49 years. 
I 
0 0 0 ,_ 0 
POSTOPERATIVE VENOUS THROlvlBO~IS AND .J?ULlVlONAHY E1viBOLISM: 
AGE DISTRIBUTION BY SEX 
' 
ivlen I vVomen 
Age 
years Number PerCent Number PerCent 
I' 
10-19 7 0.9 9 1.0 
-
20-29 23 3.0 52 5-7 
30-39 91 12.0 159 17.5 
40-49 167 22.1 313 34-5 
50-59 21 3 28.1 235 25.9 
I 60-69 191 25.2 126 13.9 ! 
I 
I 
60 7-9 14 1.5 I 70-79 I 
I 80-89 5 0.7 I 
I 
I 
I 
Total 757 100 908 100 
I 
From Reference ( 16) 
I ;; 
I 
I o"~ I 1--'Ul 
I (1) • 
I 
. 
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In discussi on of the chart on the opposite pag e : 
1 . Though these p redisposing c onditi ons we re significant, 
more than one- third of the group had none of these 
conditions . 
2. Cardiac disease, carcinoma, and severe infections were 
found to be definitely more common in men, whereas 
diseases of the periphera l veins- and o f the blood 
occurred more commonly in women . 
. . 
0 
·-
0 0 '1-
. 0 
I 
INCIDENCE OF PREDISPOSING CONDI'I'IONS 
IN CASES WITH POSTOPERATIVE COMPLICATIONS 
Predisposing conditions 
Diseases of 
Cardiac peripheral Blood Severe 
None disease v~ins diseases Carcinoma infections 
Total em-
bolism and Num- Per Num- Per Num- Per Num- Per Num- Per Num- Per 
thrombosis ber cent* ber cent* ber cent* ber cent* ber cent* ber cent* 
I Men 757 276 36.5 126 16.6 7_7 10.2 163 21.5 224 29.6 223 29.5 
I Women 908 .303 33·4 93 10.2 172 18.9 307 33.8 190 
20.9 156 17.2 
I 
I Total 1,665 579 34.8 219 13.15 249 14.9 470 28.2 414 24.9 379 22.8 I 
I 
I 
I 
I * Since some individuals had more than one predisposing condition, the sum of these is I 
I more than 100 per cent. 
I 
i 
I I 
I From Ref. (16) 
I 
I t-3 
I 
PJ 
cr.+::-
I 
f--J-..::1 
(j) • 
. 
. 
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In discussion of the chart on the opposite page: 
The incidence of venous thrombosis and pulmonary emboli 
in hysterectomies and operations on the intestines is 
definitely greater in patient s 50 years of age and over, 
than in those less than 50 years of age . 
0 
----
0 0 5 ' 0 
CON~P~ISON OF POSTOPERATIVE 
COMPLICATIONS ACCORDING TO AGE 
: 
Complications 
Total thrombosis and Fatal pulmonary 
embolism embolism 
Age, Operations, 
years u number Number Per cent Number Per cent 
Resections and other intestinal operations 
-
Less than 50 1,546 36 2.3 5 0.32 
50 and more 1,933 85 4·4- 18 0.93 
1 ._ 
I 
Total 3,479 121 3·5 23 0.66 
Abdominal hysterectomy 
Less than 50 4,329 171 4.0 2.:7 0.62 
I 
I 50 and more 1,186 59 
5.0 15 1.26 
I 
' 4-2 0.76 i Total 5,515 230 4.2 
I 
i 
L 
I 
I 
I 
' I From Ref. (16) I 
I 
""· ~ I o'.f::-f-' \.0 
I 
({) . 
. 
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In discussion of the chart on the following page: 
1 . The earliest occurence of post operative thrombophlebi -
tis was on the second postoperative day. 
2 . The latest pulmonary embolus occurred on the 115th 
postoperative day . 
3 . One-fourth of the cases of embolism occurred during the 
firGt 8 days . 
4. One-half of the cases of embolism occurred from the 
9 to 14 day . -
5 · One- fourth of the cases of embolism occurred after the 
14 day . 
0 
------
-- 0 .. 0 q 
POSTOPERATIVE THROMBOPHLEBITIS; 
POSTOPERATIVE DAY OF OCCURRENCE 
Thrombophlebitis Thrombophlebitis 
clinically diasnosed clinically diagnosed 
PostoperPtive Postoperative 
day Number Per cent day Nwnber Per cent 
1 
-- --- 16 29 3.1 
2 7 0.7 17 26 2.8 
3 14 1.5 18 17 1.8 
4 14 1.5 19 21 2.2 
5 37 3.9 20 20 2.1 
6 45 4.8 21 22 2.3 
7 45 4.8 22 9 1.0 
8 61 6.5 23 3 0.3 I 
I 
9 53 5.7 24 8 0.9 
10 82 8.7 25 and more 34 3.6 
~ 
11 89 9.5 
Present at time 
I 12 81 8.6 of operation 1 0.1 
I 
' 13 72 7.7 Not stated 22 2.3 
I 14 73 7.8 
15 53 5.7 
I 
Total Q:S8 100 
~ I 
I a' From Ref. (16) 1-'Vl I CD I-' 
I 
. . 
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In discussion of the chart on the opposite page: 
' 1. In approximately one-fourth of all the cases, the embolus 
occurred before the 7 postoperative day . 
2 . In approximately one~half of the cases the embolus 
occurred from the 7 to 14 day inclusive . 
3 · In approximately one- fourth of the cases, the embolus 
occurred after the 14 day • 
. (These (1 - 3) refer to fatal emboli and non-fat a l as 
well . ) 
4 . The earliest fatal embolus occurred on the first post -
operative day; the latest on the 58 day. 
5. In approximately one-half of the cases of all embolism 
occurring in multiple enisodes, the interval between 
the first and last enisode was less than 4 days . 
6 . In approxima tely four-fifths of the cases, the interval 
was less than 10 days . 
7 . 60% of all the cases of embolism occurring in multiple 
episodes terminated with a fat a l embolus. 
0 
-
POSTOPERATIVE PULMONj\RY E..tiBOLISM: 
POSTOPEI~~IVE DAY OF OCCURRENCF 
Embolism total Embolism fatal 
Postoperative 
day Number Per cent Number Per cent 
1 7 0.$ 5 1.5 
2 31 3·5 14 4.1 
3 38 4.2 17 4·9 
4 37 4.1 14 4.1 
5 42 4·7 14 4.1 
6 64 7.1 2$ 8.2 
7 60 6.7 23 6.7 
8 50 5.6 16 4·7 
9 71 7.9 28 8.2 
10 55 6.1 26 7.6 
11 52 5.8 17 4.9 
12 70 7.8 28 8.2 
13 36 4.0 14 4.1 
14 45 5.0 18 5.2 
15 34 3.8 11 ).2 
16 26 2.9 8 2.] 
17 19 2.1 8 2.3 
18 19 2.1 8 2.J 
19 16 1~8 7 2.0 
20 12 1.3 6 1.7 
21 7 0.8 3 0.9 
22 9 1.0 5 1.5 
23 12 1.3 4 1.2 
24 8 0.9 3 0.9 
25 and more 73 8.1 18 5.2 
Not stat .. ed 4 0.4 
.. 
Total 897 100 343 100 
From Ref. ll6) 
I b ~ 
POSTOPERATIVE PULMONJJRY EMBOLISM: 
COMP ARH30N ACCORDING TO NUMBER OF EPISODES AND FATALITY 
Number Per cent 
Patients with one episode only: nonfatal* 471 52.5 
Patients with one episode only: fatal* 219** 24.4 
Patients with more than one episo~e: nonfatal 83 9.2 
' Patients with more than one episode: fa. tal 124** 13.8 
Total petients with embolism 897 100 
*Multiple embolisms occurring simultaneously included. 
**Of the 343 cases of fat~l pulmonary embolism 124 (36.2 per cent) were preceded by one 
or more episodes of nonfatal embolism. 
From Ref. (16) 
1-3 
~ 
o'\Jl 
1-'..f::-
(!) • 
I C.l 
b 0 0 Q I I 
... 
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PROGNOSIS OF PATIENT~ WHO HAVE HAD A NONFATAL PULMONARY EMBOLISM 
Number Per cent 
Patients with one episode of embolism only: no subsequent thrombosis 381 56.2 
I 
Patients with one episode of embolism only: subse ,,_uent episode of 
thrombosis 90 13.3 
Patients with one or more subsequent episodes of embolism: nonfetal 83 12.2 
Patients with one or more subsequent episodes of embolism: 
final e)isode--fa tal 124 18.3 
Total 678 100 
' ~ I 
I 
~ I I 
• 
From Ref. ( 16) 
t-3 
1\)Vl 
o' Vl 
I-'• 
CD 
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In discussion of the chart on the opnosite page: 
More than 85% of postoperative venous thrombosis occurred 
in the l ower extremities . Rarely only did they occur i n 
the head , neck , and upper ext remities . 
' 
-
0 
• 
--
b · 0 0 ' .... q 
LOCATION OF POSTOPEHA'riVE VENOUS THROlVIBOCIS 
Number Per cent 
Veins of the lower extremities 1199 85.6 
I Veins of the abdominal viscera 116 8.J 
Inferior vena cava 39 2.8 
Veins of the upper ext~emities 24 1.7 
Veins of head and neck 17 1.2 
Superficial veins of trunk 6 0.4 -
Total 1401 100 
I 
I 
! 
I 
I 
I 
: 
I 
I 
From Ref. (16) 
I t--3 
I 
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I 
I 
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In discussion of the chart on the oppos it e page : 
This table shows the correlation between clinical and 
necropsy incidence of thrombophlebitis and pulmonary 
embolism . Thrombophlebitis was d i agnosed clinically 
in only 25 . 3% of all cases of embolism and in only 14. 9% 
of f atal embolism . 
0 
·-----
0 0 a 
EVIDENCE OF VENOUS THROMBOSIS IN PATIEN'l'b hAVING PUL\iONARY EMBOLISM 
All embol i sms Fatal embolism 
Number Per Number Per 
of cases cent of cases cent 
Embolism without clinical or necropsy 
evidence of venous thrombosis 405 45.2 135 39.4 
Embolism with necropsy evidence but no 
clini cal evidence of venous thrombosis 265 29.5 157 45.8 
I . 
Embolism with clinical evidence of venous 
t hrombosis or thrombophlebit i s 227 25.J 51 14.9 
Total embolism 897 100 343 100 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
I I 
I From Ref. (16} 
1-3 
PJ 
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In discussion of the chart on the opposite page : 
1 . In the majority of cases , pulmonary embolism occurred 
within the fj_rst 6 days . 
2 . In only 4 . 4% of all the cases of clinically diagnosed 
thrombophlebitis (938 cases ), pulmona ry embolism 
occurred later than 6 days • 
. 
0 
r-::...--
~ 
-
INTERVAL BETWEEN TKE CLINICAL ONSFT OF THRONIBOPHLEBITIS AND E1V1BOLILM 
First e;>isode embolism, First episode clinical evidence 
followed by clinical evidence of ttrombo~hlebitis followed 
of thrombophlebitis by embolism 
Interval, 
days Number Per cent Numbe.r Per cent 
0-1 5 5-7 15 10.7 
1-2 6 6.9 20 14 • .3 
2-3 8 9.2 22 15.7 
3-4 8 9.2 20 14 • .3 
4-5 4 4.6 14 10.0 
5-6 6 6.9 7 5.0 
6-7 5 5-7 4 2.9 
7-8 5 5-7 4 2.9 
8-9 4 4.6 2 1.4 
9-10 5 5-7 2 1.4 
10-11 6 6.j 2 1.4 
11-12 3 3--4 3 2.1 
12-13 4 4.6 ..... 1.4 t:. 
13-14 4 4.6 3 2.1 
14-15 3 3·4 4 2.9 
15 and more 11 12.6 15 10.7 
Not stated 1 0.7 
TotAl 87 100 140 100 
Mean 7.1 days 6.~ days 
Median 7-8 days 4-5 dc.ys 
Largest 35 days 38 days 
Smallest 0-1 day 0-1 day 
From Hef • tl6) 
.. 
~>A 
t( 
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Pos~partum: 
' Femoral throm'bosis' is a well recognized clinical condi-
tion of swelling and edema of one or both limbs, coming on 
v 
suddenly during the puerperium, in the ostopera tive period or 
during some acute infection or other pathological process . 
The condi~ion is often met with in medical, surgical and obste-
trical practise, ya no one, apart from the obstetrician, is likEly 
to see any extensive series of cases . This is the common 'white 
i 
leg' of the laity . It a " tacks the principal vein draining the 
leg in the region of the g roin . The term ' white leg ' or 
'phlegmasia alba dolens' is usually confined to femoral thrombo-
sis occurring in the puerperium , but there is nothing in the 
/ 
clinical features of these as a group to distinguish them from 
thrombosis in the other pathological conditions. There is reallf! 
v 
no reason why the term 'white leg ' should not be used to cover 
all the different groups . The disease usual ly attacks those 
who , for one reason or another , are confined to bed . Veins 
involved are the upper femoral, the external and, perhaps, t~e 
common ilia: Slowing of the stream and eddies and cross current 
are certainl y factors in causing this disease . Femoral throm-
bosis may occur during the course of a great v a riety of diseases 
and pathological states particularly acute or chronic infection , 
in the postoperative period or in the puerperal state . In ad-
dition to these it may be a late or terminal p rocess in cachec -
tic conditions . 
Payne in 1938, reported a series of 85 cases of deep femora 
-
thromboses. These occurred in a consecutive series of 1300 
cases of thrombophlebitis referred to him. His table shows the 
relative incidence o f the causes, sex, and side affected . It 
will be noted that the left side was more frequently effected 
which again emphasizes the point that anatomical factors play 
some part in the process of thrombophlebitis. 
Table Showing Causes, Sex , and Side Incidence~E-
,dauses 
hite leg 
ost operative 
neumonia and 
broncho-pneumonia 
leurisy 
nfluenza 
hlebitis 
Total 
and 
Per cent 
39 (45.9) 
17 (20.0) 
12 (14.1) 
6 ( 7 .0) 
l ( 1.2) 
2 (2.3) 
5 
racture l 
5 . 9) 
1.2) 
1 . 2) lcerat ive colitis l 
;rysipelas 
otals 
l (1.2) 
85 
t1 
Both 
Males Females Right Left sides 
4 
7 
4 
l 
l 
l 
18 
39 
13 
5 
2 
2 
4 
l 
1 
67 
9 
5 
l 
1 
2 
18 
18 
7 
10 
5 
l 
l 
l 
l 
l 
l 
46 
*Payne ( 
12 
5 
l 
l 
2 
21 
ote: The largest group shown on the chart, was a manifestation 
f the puerperium; the second largest was postoperat ive; and the 
hird largest was typhoid . The outstanding feature was the 
reponderance of left-sided thrombosis . In the unilateral cases 
he left side was affected approximately two and one-half times 
s often as the ri ght. This suggests anatomical factors play a p t. 
How common is femoral thrombosis?· From available data it 
is almost impossible to get accurate statistics but it~ certair 
that the main incidence of the disease occurs in the puerperal 
and postoperative states . Nette l blad ~00) gave the incidence 
in the puerperal type as 0 . 21 %, while Seitz (~) c onsiders 0 . 91J, 
a more likely figure . In the postoperative type, the incidence 
is giv en as 1 . 2% by Cl ark (27 ) and Schmidt ( ~6) gives the figure 
as 2 . 19% for gynecological operations . 
Barker and Randall state tha t in their series of 5,724 con-
secutive deliveries at the Mayo Clinic , thrombophlebitis of the 
lower extremities recognized clinically occurred in only 20 cases, 
an i .ncidence of slightly less than 0 . 4%. In 9 of these 20 cases 
only varices or the short saphenous ve i n were involved , and in 
11 , the femoral and iliac veins were involved . Thus the inciden~e 
of true phlegmasia alba dolens was only about 0 . 2 %. Only 3 of 
the 20 were associated with uncomplicated labor; 4 occurred fol-
lowing Cesarean section, 2 followed postpartum hemorrhage, 8 
followed low a nd mid forceps delive ries, 2 followed breech de-
livery, and 1 occurred followin£ toxemia. However, there is 
probably more chance of occurrence of tmuma to the nelv\c veins 
in a long and difficult labor than there is in performing a 
simple procedure·su has low forceps delivery . It seems unneces 
sary to say that the use of nroper aseptic technique during deli 
very is a factor in prevention of puerperal infection and will 
reduce the incidence of thrombophlebitis greatly . 
In this series of 5,724 deliveries pulmonary embolism 
64 . 
1 
occurred in only 5 cases and was fatal in ohly 2 of these . (9) 
Also in 4 of the 5 cases in which it did occur, including the 
2 fatal ones, there was no clinical evidence of the thrombo-
Phlebitis of the lower extremities at any time . In the 5th 
case, embolism occurredoone day after development of thrombo-
phlebitis of the short saphenous vein. The importance of these 
observations is that once the clinical picture of thrombophlebit s 
of the lef or thip,h has developed the risk of occurrence of 
pulmonary embolism is exceedingly small and is practically negli 
gible after three days . Therefore, keeping such a patient in 
bed for an excessively long time and insisting on complete im-
mobility favors occurrence of venous stasis and development of 
thrombosis in other veins . 
ComPlicating infectious diseases: 
Thrombophlebitis often occurs as a complication of various 
infectious disease~ . It was shown in the discussion of etiology 
pow important factors such as bed rest, toxins from tissue dis -
~ruction, debility , hemorrhage, and anemia are in predispo~ing 
~o thrombophlebitis . It is not surprising, therefore, that 
1
whrombosis of the veins of the legs should complicate infectious 
~iseases in which all the faciors--severe infection with toxemia, 
~nemia, changes in blood constituents, and venous stasis- -are 
present . 
As early as 1898, Welch reviewed cases of thrombophlebitis 
r.omplicating infectious diseases, especially those of typhoid, 
pneumonia, and influenza . The relative frequency of thrombo-
-
phlebitis c ompl ic ating typhoid fever has long been known . 
Connor (31) recently reported his experiences in 1,540 cases 
of typhoid fever and stated that the accepted incidence of 
thrombophlebitis complicating this disease, given as 2% to 3 %, 
as far too low. In his opinion it should be placed as high as 
10%. Bargen and Barker ( 8 ) have stressed the importance of 
thrombosis as a complication of chronic ulcerative colitis. 
They observed 18 cases with severe thrombosis among 1,500 cases 
of the disease. Here thrombi may form in small veins of the 
rectum, clo s e to the ulcers, and propagate through branches of 
the hypogastric to the common i .liac veins. Bark er and his co-
workers fo und that in 1665 cases of t h romboembolism there were 
379 cases with severe infections (16). 
The f ollowing chart, taken from a study by Barker, is 
based on data secured from 166 cases of thrombophlebitis com-
plicating infectious or sys temic d iseases seen at the Mayo 
Clinic during a five year period . Of the total · cases, 91 were 
due to infection alone . (13) 
The youngest patient in the group was 13 years old and had 
septicemia; the oldest was 75 years old and had pneumonia. Vein~ 
of the legs were involved in all case s . Veins of the arms were 
affected in but three cases and in all of these there had been 
previous episodes of thrombophlebitis in the veins of the leg . 
Veins of the left leg were affected about twice as often as thos~ 
of the right. This is in agreement with other workers' statistips . 
Twelve of the patients were obese . Chronic foci of infection 
were observed in 21 cases . 
66. 
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Thrombosis and embolism complicating infectious diseases* 
Disease 
Typhoid fever 
Pneumonia 
Acute tonsillitis and 
pharyngitis 
Acute pyelonephritis 
Influenza 
Chronic ulcerative colitis 
Acute cholecystitis and 
cholelithiasis 
Tuberculosis 
Septicemi a 
Acute appendicitis 
Acute pelvic inflammatory 
disease 
Infection of arm 
Enceuhalitis 
Varicella 
Acute prostatitis 
Bacillary dysentery 
Osteomyelitis of jaw 
Undulant fever 
Hepatic abscess 
Erysipelas 
Acute infectious arthritis 
Chronic infectious arthritis 
Total 
Thrombo-
phlebitis 
15 
14 
10 
8 
6 
6 
~ 
3 
3 
3 
3 
2 
l 
1 
l 
1 
l 
1 
1 
1 
1 
91 
Pulmonary 
embolism 
0 
0 
2 
3 
0 
3 
1 
3 
0 
3 
1 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
0 
19 
Fatal pulmonary 
embolism 
0 
0 
0 
3 
0 
0 
1 
3 
0 
3 
l 
0 
l 
0 
0 
0 
0 
0 
1 
l 
0 
0 
14 
*Barker ( 13) 
Complicating non-infectious systemic diseases: 
Since the latter part of the nineteenth century, pathologis s 
were familar with ','marantic thrombi". This was the name applied 
to thrombi which occur often in debilitating states, especially 
in those conditions associated with carcinoma. It was also ob-
served that fatal pulmonary embolisms was common, and that this 
fatal pulmonary embolism may, indeed, be the first clinical in-
dication of such a thrombotic process . 
-
One of the earliest observers to stress the relationship 
of carcinoma to thrombosis was Trousseau in 1865 . Haward (60) 
reported the results of his study on 2 , 903 autopsies in which 
81 fatal thrombi occurred . In the list of the underlying dis -
eases in these cases of f atal thrombi , cancer was second in 
frequency . Barker (13) in 1936 reported 58 cases of thrombo-
phlebitis complicating systemic diseases c ollected during a 
five year period at the Mayo Clinic . Carcinoma headed the list 
in frequency . Hi s report was besed on clinical observation 
alone, necessitating limitat·on of the study to thrombosis of 
the legs and occassionally of the upper extremities . In 1938 
Sproul ~33) reveiwed 4,258 consecutive autopsies performed at 
the Presbyterian Hospital in New York, and noted the presence 
of a thrombus in the heart, arteries, or veins in 14.4% (617) 
cases . The findings were based on gross as well as microscopic 
studies , and, therefore, the thrombus was not necessarily of 
importance in c ausing the death of the patient . From his chart, 
venous thrombosis shows a significant relationship to the 
presence of a carcinoma, especially when the veins of the ab-
domen and lower extremities are involved . On furthur study, 
Spraul found that carcinoma of the pancreas , e~pecially if the 
body or tail were involved, was frequently accompanied by 
thrombosis of numerous vessels . 
The chief factors responsible for thrombosis in the presenc~ 
of a malignant tumor: 1) direct invasion of a large venous trun 
by tumor tissue; 2) compression by the primary mass; and 3) 
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irregular invasion of the vein vrall follow-ing extension of the 
tumor along the perivascular lymphatics. Not all thrombi 
could be thus explained . Sproul gives an excellent summary 
of the theories and experimental evidence of the shortening of 
coagulation time in many instances of mal i gnancy. 
~!.yocardial insufficiency and congestive heart failure is 
another group which account for a large percentage of emboli 
in thrombophlebiti s complicating systemic diseases . This 
subject has been more completely discussed under etiology . 
The followins chart presents an overview of the incidence 
of thrombosis and embolism as they complicate noninfectious 
systemic diseases . Tnis was compiled from cases seen over a 
ftve year period . 
Thrombo ~ is and embolism complicating noninfectious 
systemic diseases* 
Carcinoma 
Myocardial insufficiency 
and congestive heart 
failure 
Sarcoma 
Exophthalmic f,O iter 
Diabetes mellitus 
Gout 
Brain tumor 
Hypertension ( a fter bed 
Ureterolithiasis (after 
colic) 
Phenobarbital poisoning 
Total 
Thr.Jmbo-
phlebitis 
27 
15 
3 
3 
3 
2 
2 
rest) 1 
1 
1 
58 
. 
Fatal 
Pulmonary pulmonary 
embolism embolism 
23 21 
10 10 
3 3 
2 2 
0 0 
0 0 
l l 
0 0 
1 0 
1 1 
41 38 
*Barker ( 13 ) 
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Primary (Idiopathic ) 
Thrombophlebitis is usua lly considered a complication . 
There is, however, a certain type of thrombophlebitis which oc-
curs as a primE ry disease. It affects robust, health indi vi-
duals who have nb history of inf e ction, recent operation, blood 
dyscrasia, cardiac decompensation, severe constitutional dis-
ease, or orevious disease associated w~th the veins or arteries . 
It s frequency, taken from a large series of 1,011 cases of 
all types of thrombophlebitis, was given by Barker (10) as 
into: 
This idiopathic group of thrombophlebitis is divided 
1 . recurrent type 
2. non-recurrent type (in which only a s in_le episode-
appears .) 
It is unsafe t o say definitely, however, that tho se patients 
who had a s ingle episode will have no recurrences in the future, 
since it has been shown that the interval between episodes in 
some ca s es of the recurrent type i s rather long . In Barker 's 
(14) series, 20 of the patients (more than one~half ) have 
been observed for a year and seven for five years . In these 
there were no recurrences . In seven of the patients who had 
recurrent thrombophlebitis, the in+ervals between episodes were 
as long as a year . 
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There are several difference~ betwe e n these two types of 
idiopathic throrilbophleti tis whicl1 may be summar i zed as follows: 
Recurrent Type 
1. Several episodes or many . 
2 . PredJminantly ( althou~h not exclusively) a disease of 
young and middle-aged men . 
3 · Essentially and primari l y a disease of small and medium 
sized veins . 
4 . Le s ions tend to occur in short segments and appear to 
be definitely infl amm8tory . 
Non-Recurrent Type 
1 . One episode . 
2 . No uarticular prepronderance as to age or sex. 
3. Predominantly affects medium and large sized veins. 
4. Lesions occur in short segments but are a cc ompanied by 
less infl ammation . 
The patho~enesis of idiopethi c thrombophlebitis i s obscure . 
Here again the local inflammatory reaction and the nredilec-
tion of the lesion for segments of superficial veins in the 
recurrent type s ugges t stronaly a primary lesion of the wall 
of the vein. Or it may be that the se patients just have a 
n atural tendency to thrombosis . Due to the rather high inci denc 
of fo c al infection in these patients, it is possible that the 
l e sions in the veins occur as the result of hyp e rsusceptibility 
of the venou s tissue to injury by viruses or toxins . 
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Recurrent Type: 
In 1845 Jadioux (76) reported thrombophlebitis in a health) 
man 20 years old which affected the l e ft femoral vein. It oc-
curred in three separate episodes within four months with no as-
sociated cons titutional disturbance or fever to account for it. 
Fremy (60) reported a case in 1864 in which thrombophlebitis 
inv olving the popliteal and the l ong saphenous vein of the left 
leg occurred in a series of episodes in an otherwise healthy 
man, aged 56 . In 1866 Sir J ames Paget (112) proposed the ' gout 
theory' . He wrote that there was a type of thrombophlebitis 
which affected pat ients who had gout and those with a " gouty 
inheritance". These recurred in frequent episodes, mainly in 
the lower limbs and appeared to migrate or jump from one vein 
to another , affecting the superficial rather than the deep veins 
These were not associated with infectious disea s e, trauma, vari-
cosity, local inflammation, or puerperium. He noted that the 
affected superficial veins were palpable and hard, and the at -
tacks were accompanied by only slicht fever or constitutional 
disturbances . Occasionally the deep femoral vein was involved 
also . He observed that some of the veins became pervious later, 
while others were obstructed permanently. He stated that pul-
monary embolism was a rare occurrence in his experience, s ince 
he had observed only three cases of non- fatal embolism. One of 
these later suffered a fatal emboli sm . 
In 1894, Daguillon (33 ) reported five cases and reviewed 
seven others . He believed tha t the disease was the result of 
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"a diathetic influence, an a rthritic but nongouty constitution .' 
Pulmonary embolism was present in six of the twelve patieits, 
and three of those died . Briggs (21) in 1905 stated that there 
was a disease which had to be classified as 'idiopathic recurrer.~ 
thr"Jmbophlebitis' and he d is aereed with the theories of Paget 
and Da~uillon. In his opinion, the condit5on was primari ly 
a " nhlebosclerosis" which resulted fr::Jm an anatomic constitu-
tional fault . 
It was Buerger (23) in 1909 who emphasized the associa-
tion of thrombophlebitis mi grans·and thrombo- angiitis obliterans 
Herrick (64) des cribed a case of phlebitis migrans in 1911. 
He believe:1 that it was the result of some unknown toxin and 
th2t it was no thr Jrnbosis bu-r merely a periphlebiti s . He 
thou~ht there was no danger of embolism . 
Other cases of thrombophlebitis mi grans not associated 
with a Dre-exi sting infection, varix, or systemic disease were 
rE'Jorted by the followin q : Har:K-.avy (57), in 1924, J ohnson (77) 
in 1928 . Moorhead and Abrahamson ( 95) in 1928, Collier (50) 
in 1931, 1Nalker (135) in 1932 , Hartfall and Armitage (57) 
in 1932, and Barker (ll) in 1 934 . 
Owen (lll), in 1929~ sta ed that the condition was c aused 
by, or associated with, influenzal enidemics. Ry'le, Hart fall 
and Armitage noted associated foci of infection and cessations 
of att~cks after their removal . 
~------~~----~--------------------------------
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The largest single series report in the literature is that 
of 3arker (14) . In a series of l,Oll unselected consecutive 
cases of thrombophlebitis of all types seen at the 1ayo Clinic 
in a five ye8r period, seventy-nine formed the basis for the 
study . The patients had no evidence of constitutional disease, 
no rec ogni zable heart disease or dyscrasia o f the blood . They 
had no history of gross mechanical trauma, l ocal infection or 
suppurative processes in the region of the veins. There was 
no history of recent su r gical operations nor childbirth . 
Forty cases of these seventy-nine were of the recurrent 
type . They have reported several interesting observations 
on these forty cases. The following result s are taken from 
their study . 
Age : The youngest patient was 21 and the oldest 67 years 
of age . The average age was 40 and 30% of the oatients were 
less than 50. The incidence by decades was: 
Years in decades 
20-29 
30- 39 
40-49 
50-59 
60-69 
Sex: 88fo were men . 
Race : Nationa lity 
English, Iri sh , 
Scot s , V' e 1 sh 
German 
.T P.Wi Rh 
Number 
7 
13 
12 
5 
3 
Number 
19 
10 
5 
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Scandinavia~ 3 
French 2 
Dutch ·1 
Number and Frequency.of Episodes: At the time of the ir 
first examination, sixteen patiens had had thrombophlebitis for 
less than a year and nine for more than five years. Twenty-one 
patients said that they had had eoisodes at intervals of from 
a few days to a month , and in some attacks several veins had 
been affected at one time . Nineteen patients had had more de-
finite sin~le episodes at intervals of from six weeks to four 
years . One patient had had twenty to thirty such att a cks in 
eighteen years . Five had had only two attacks . 
Incidence: 
Incidence of Involvement of Various Veins in Forty Cases 
of Recurrent Idiopathic Thrombophlebitis* 
Involved at Involved No Other VE 
Site Some Time Primarily Involved 
Superficial veins of leg 22 12 4 
Long saphenous vein 28 15 6 
Short saphenous vein 14 8 l 
Popliteal vein 5 l -
Femoral vein 12 3 l 
I liac vein 2 
-
-
Superficial veins of arm 4 l -
Median basilic vein l l -
Superficial veins of abdamen 3 - -
Superficial veins of scrotum l - -
*Barker ( 14) 
The le$ions of the superficial and the sanhenous veins 
appeared to be definitely inflammatory in all cases . The veins 
could be felt as firm indurated cords and there was moderate 
local pain and usuallY considerable local tenderness during the 
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acute stege . The acute stage lasted from one to six weeks . 
The cordlike vein usually could be felt for several weeks after 
the acute attack . The involved regions were definitely segmenta 
and varied in length from a few millimeters to a few centimeters 
Pulmonary Embolism and Infarction: Acute infarctions of 
the lung occurred in twelve cases (30% ). One of the patients 
had three episodes , three had two episodes , and the other eight 
had only one episode . Of the seventeen pulmonary infarctions , 
seven occurred at the onset of clinical thrombophleb itis of the 
femoral vein, three at the onset of thrombo~hlebitis of the long 
saphenous vein, one at the onset of thrombophlebitis of the shor 
saphenous vein, one a week afte r the onset of thrombophlebitis 
of the short saphenous vein. The other four infarctions occur-
red two , four, four , and six weeks , respectively , after the 
episodes of thrombophl ebitis of the femoral vein . Two patients 
died, with the clinical picture of pulmonary embolism . Each 
had had t wo previous ep i sor~es of pulmonary infarction. (Necropsy 
~as not performed .) 
Focal I nfection : Definite foci of infection were present 
in thi rty- one cases (77%); no foci were found in seven , and 
no data was available in two . 
Obesity : This was present in 27% of the cases . 
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Non-Recurrent Type: 
Reports of cases in which only a single episode affectir~ 
chiefly the 1 rge veins, a r e rare in the literature . Hutchin-
son (76) reuorted such a c2se in 1850 . Another case was repor-
ted by Dowse ( 40) in 1879 . These two were fatal. Mueller ( 93) 
reported a case in 1929 1 ten years after the lesion had occurred 
there had been no episodes of thrombophlebitis in the interval. 
The thirty-nine case s of Barker (14), form the largest 
series thus far reported . The following are his observations : 
Age: The youngest patient was 20 and the oldest 69 years 
of age. The average age was 43. The age distribution by de-
cades was fairly even ~ 
Years in Decades 
20- 29 
30-39 
40-49 
50-59 
60-69 
Sex: 62% were men . 
Race: Nationality 
English, Iri sh, 
Scots, Welsh 
German 
Scandinavian 
Dutch 
Italian 
Slavic 
Jewish 
Number 
7 
8 
10 
8 
6 
Number 
23 
7 
4 
2 
l 
1 
l 
77 . 
Site : 
Vein 
Femoral 
Femoral and iliac 
Long saphenous 
Popliteal 
Short saphenous 
External jugu l a r 
Number of cases in 
which it was involved 
18 
7 
8 
3 
2 
l 
Pulmonary Infarction: This occurred in only three cases 
and in each at the onset of the thrombophlebitis . The site of 
the thrombophlebitis was in the f emora l vein in one case, in 
the lon~ sanhenous vein in another, and in the popliteal vein 
in the third . Fatal pulmonary embolism did not occur in any 
of the'le cases . 
Foci of Infection: These were present in twenty-two cases 
but were not found in eleven . The data was incompl e te in six 
cases . 
Obesity : This was present in a rether l&rce number of 
cnses an~ constituted 46~ . 
Thrombo- angiitis Obliterans : 
The que ~ t1on now arises, should recurrent idiopathic throm-
b0phlebitis be re~arded as a form of thrJmbo-angiitis obliterans? 
3uer~er was the first to emphPsize the frequent association of 
the two and the necess ty for ex&.ining patients who have throm-
bophlebitis migrans for existent ev-idence of arterial disease an 
of watchin~ for future development of arterial lesions. It is 
true thc:t there are nimilC1ritie0 between the two conditions, 
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but there are differences als::>, and thus the question remains 
unanswered . 
The simularities may be listed as follows: 
1. Both have a tendency to affect healthy, young 
and middle aged males. 
2. Both produce vascular lesions which tend to be 
recurrent and segmental . 
3. Both produce simular histo-pathologic changes . 
The differences may be summarized as : 
Recurrent idi opathic thrombophlebitis: 
1. Essentially and primarily a disease of the small 
and medium sized veins. 
2. Limitations as to age and sex are less sharp . 
3· Tendency to involve larger veins (femoral and iliac 
is 33%· 
4. Pathologically there is less proliferation of con-
nective tissue . 
Thrombo-angiitis obliterans : 
1 . Involves chiefly arteries (in 40%.both arteries 
and veins are involved) . 
2. Sharp limitations as to age ~nd sex noted. 
3· The l arger veins rarely involved. 
4. Pathologic al ly there is more proliferation of 
connective .t issue . 
It is quite well established at present that the recurrent 
idiopathic thrombophlebitis may rEcur for years with no evidence 
of arterial involvement. In summary I would like to quote Barke 
who settles this controversy by saying, "It is not illogical to 
consider re current i diopathic thromhophlebitis as a type of 
thrombo-angiitis obliterans wh i ch involve s only the veins, just 
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as another type (thrombo-angiitis obliterans), involves only 
the arteries, 60% • II (14) 
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Relative Distribution And Frequency 
It would be of interest to see the relative d istribution 
and frequency of the v a rious types of the t h rombophlebites . A 
l arge series of ca refully studied cas es such as coll e c ted by 
Barker, gives a good representation of t he occurrence of throm-
bophlebitis as a whole . 
His series consists of 1 1 011 unselect ed cases of thrombo-
phlebitis which constitute almost all of the case s seen at the 
Mayo Clinic over a five-year neriod . Loc 1 t hrombophlebitis due 
to chemical irritation from sclerosing s olutions were not in ... 
eluded . 
Distributi ~n of 1,011 ca s es of thrombophlebitis* 
Types of thrombophlebitis Cases Per Cent 
Traumatic 28 3 
Varicose (spontaneous ) 43 4 
I nfectious and supnurati ve 33 3 
Hematogenic 12 1 
Postoperative 466 47 
Postpartum 72 7 
' With infectious diseases 62 6 
Thrombo-angi iti s obliterans 164 
, 
16 
Idi opathic 131 13 
*Barker ( 1 ) 
_() 
--
·o 
Summery 
From th s discussion we see thc=t thrombophlebitis is an 
unpredictable com.plication. Although stasis .has been shovm to 
play such an important role in the )roduction of thrombi, stc:.si 
alone is not enough. It is illogical, th~ to s eLk of one 
prim&ry fcctor, but rsther, we should seek to discover in each 
individual case that factor out of the many, which is dominent. 
Many patients are free froiTl thrombop,hlebi tis even though 
several of the alleged f~ctors are }resent and thrombophlebitis 
seems certain. On the other hand, there are those ~atients 
vrho suffer from thrombophlebitis on the least ~rovocation; we 
explain this discrepancy by saying that these patients are 
naturally more ' thrombo hilic ' . 
'l·hrombophlebitis and consequent f'ltal emboli are most fre-
quent after operative procedures. This is not only due to the 
fact that such procedures ere common occurrences in contrast 
to co.ndi tions such as the blood dyscrt..sias, but also because 
the venous stasis and the ge. eral sluggish metabolism is so 
marked in these postoperative states. 
The greatest danger of a f~tol embolus is during the 
' silent ' period, when neither signs nor sy:;nptoms are present to 
serve as a warning. Once the clinical diagnosis is made, the 
infl8mmation of the vein wall is sufficiently marked to mPke 
the clot adhere firmly, and the ossibility of a fetal embolus 
is markedly reduced. This is "ln importnnt observation to hold 
in mind since keeping p tient in bed on the ~remise that 
82. 
--
8). 
:--==~·~~~~~~=-~-~-=-==~==============~~-=·=~~~==-=·~~============1=====~ 
immobility will help to preven.t en embolus fr o;n bein'-' ' thro,tm 
off ' by ectivity, is wrong and illo3ical . buch a rocedure 
will only increase the possibility of a new, non-adherent 
thrombus fo rming \lhich is then potentially f1:1 tal. 
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